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ABSTRACT

Objective: Chronic childhood diseases present significant challenges for dental caries management,
yet the intellectual structure of the research domain remains poorly mapped. This study systematically
characterizes the knowledge structure, thematic evolution, and citation dynamics at the intersection of
pediatric chronic diseases and dental caries management.

Method: A total of 545 abstracts from the Web of Science (1990-2026) were analyzed using natural language
processing. K-means clustering and principal component analysis identified intellectual groupings while
Latent Dirichlet allocation enabled topic modeling. Temporal evolution and citation impact were assessed,
and co-occurrence network analysis revealed conceptual linkages.

Results: Three distinct knowledge clusters emerged: Cluster O (specialized studies, average number of
citations =27), Cluster 1 (mainstream paradigm, average number of citations =80), and Cluster 2 (emerging
research, average number of citations =19). Five optimal research themes were identified (coherence
=0.365): General pediatric oral health epidemiology, childhood caries risk factors, patient-centered disease-
dental health relationships, comparative methodological studies, and asthma-focused research. Temporal
analysis revealed four phases: latent (1990-2000), awakening (2000-2006), initial growth (2006-2015), and
accelerated expansion (post-2020). Patient-centered topics peaked at 18-19 publications annually by 2026.
Disease-specific analysis showed concentration on diabetes (124 publications), asthma (82), and cerebral
palsy (59), with notable underrepresentation of sickle cell anemia and juvenile arthritis. Network analysis
identified “oral health,” "disease,” and "caries” as central nodes, linking clinical outcomes to quality-of-
life concepts.

Conclusion: The domain has shifted from descriptive epidemiology toward patient-centered and
community-oriented approaches. Persistent thematic and disease-specific gaps highlight the need for
integrative, interdisciplinary research addressing neglected chronic pediatric conditions.
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Amag: Kronik cocukluk ¢cagi hastaliklari, dis ¢lrigu yonetimi agisindan dnemli zorluklar ortaya koymaktadir.

Ancak arastirma alaninin tematik yapisi yeterince arastirilmamistir. Bu ¢alisma, pediyatrik kronik hastaliklar
ile dis cUrigu alaninin bilgi yapisini, tematik evrimi ve atif dinamiklerini sistematik olarak aragtirmigtir.

Yéntem: Web of Science'tan (1990-2026) toplam 545 &zet, dogal dil isleme kullanilarak analiz edilmistir.
K-means kimeleme ve temel bilesenler analizi tematik gruplandirmada, Gizli Dirichlet ayinmi ise konu
modelleme amaciyla kullaniimistir. Zamansal evrim ve atif etkisi degerlendirilmis, sosyal ag analizi ise
kavramsal baglantilari g&stermistir.

Bulgular: Analizler sonucunda Ug farkli bilgi kimesi ortaya cikmistir: Kime O (uzmanlagmis calismalar,
ortalama atif =27), Kime 1 (ana akim paradigma, ortalama atif =80) ve Kiime 2 (gelismekte olan arastirma,
ortalama atif =19). Bes arastirma temasi belirlenmistir (tutarliik =0,365): Genel pediyatrik agiz saghgi
epidemiyolojisi, cocukluk cagr curlk risk faktorleri, hasta merkezli hastalik-dis saglik iligkileri, karsilagtirmali
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metodolojik caligmalar ve astim odakli arastirma. Zamansal analiz dort asama ortaya koymustur: gizil dénem (1990-2000), uyanis (2000-2006), ilk biyime
(2006-2015) ve hizlandiriimis genisleme (2020 sonrasi). Hasta merkezli konular 2026 yilina kadar yilda 18-19 yayina ulasarak zirve yapmistir. Hastaliga
6zgl analiz, diyabet (124 yayin), astim (82) ve serebral palsi (59) lzerinde yoJunlasirken, orak hiicreli anemi ve juvenil artrit yetersiz temsil edilmistir.
Sosyal ag analizi, klinik sonuglari yasam kalitesi kavramlarina baglayan merkezi diglimler olarak yer almustir.

Sonug: Alan, tanimlayici epidemiyolojiden hasta merkezli ve toplum odakli yaklasimlara dogru kaymuistir. Kalici tematik ve hastaliga 6zgl bosluklar,
ihmal edilmis kronik pediyatrik hastaliklari ele alan butinlestirici, disiplinler arasi arastirma ihtiyacini vurgulamaktadir.

Anahtar kelimeler: Dis ¢lirigu, kronik hastaliklar, cocuklar, dogal dil isleme, konu modellemesi

INTRODUCTION

Dental caries is among the most prevalent chronic
diseases of childhood, affecting more than 510 million
children worldwide through decay of the primary
dentition”. This burden is particularly pronounced in
children living with chronic systemic diseases, where
complex, bidirectional interactions between the
underlying medical condition(s) and oral health often
exacerbate disease severity?®. Children affected by
conditions such as cerebral palsy, asthma, diabetes
mellitus, cardiovascular anomalies, cystic fibrosis, and
neurodevelopmental disorders consistently experience
marked oral health disparities compared with their
typically developing peers. These disparities commonly
present as higher rates of dental caries, periodontal
disease, developmental enamel defects, and a reduced
oral health-related quality of life®?. In cerebral palsy, for
instance, motor limitations and orofacial dysfunction can
make daily oral hygiene difficult to maintain, increasing
susceptibility to dental disease(s)?. Similarly, children
with asthma are exposed to a more cariogenic oral
environment as a result of long-term inhaled corticosteroid
use, habitual mouth breathing, and reduced salivary flow
(hyposalivation)®. Children with chronic kidney disease
also face oral health challenges, as salivary hypofunction
and biochemical alterations disrupt normal oral
homeostasis and relevant protective mechanisms?.

The therapeutic implications of dental caries in
children with medical complexities extend well beyond
disease prevalence. These patients often require invasive
restorative procedures, including pulp therapy, preformed
metal crowns, or tooth extractions. In young children or
those with behavioral and cognitive challenges, such
interventions frequently necessitate pharmacological
support through conscious sedation or general
anesthesia’®'. Delivering anesthesia to children with
chronic systemic diseases is particularly demanding due
to preexisting medical instability, airway and anatomical
variations, cardiorespiratory compromise, and the need
for multidisciplinary preoperative assessment. As a result,
treatment planning is often constrained by medical
contraindications, limited access to hospital-based dental
services, and heightened safety requirements, which may
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lead to delayed care, compromised treatment decisions,
or unnecessarily aggressive interventions!'?'3,

These clinical challenges are reflected in the current
research landscape, which remains notably fragmented.
Much of the existing literature focuses on individual
chronic conditions in isolation, with limited integration
of findings into broader, cross-cutting frameworks for
managing dental caries in pediatric populations with
medical complexities®*¢%14  This compartmentalized
approach restricts synthesis of interdisciplinary knowledge
and hinders the development of unified clinical guidelines
and health policies. Although individual studies provide
valuable insights, still scarce number of comprehensive
analyses mapped the intellectual structure and temporal
evolution of this domain.

Advances in natural language processing (NLP) and
bibliometricmethods offerpowerfultoolsforsystematically
synthesizing large bodies of medical literature™. By
enabling automated extraction of themes, identification
of research clusters, and visualization of scholarly
relationships, these approaches help uncover emerging
trends, shifts in research focus, and underexplored areas
within complex domains‘™. Applying such methods to
pediatric dental research allows for a more integrated
understanding of how knowledge has developed and
where critical gaps persist. Despite the growing body of
literature on pediatric oral health, the intellectual structure
of research on dental caries management in children
with chronic diseases remains poorly characterized. It is
still unclear which thematic clusters dominate this field,
how research priorities have evolved over time, and
where critical knowledge gaps persist particularly at the
intersection of specific chronic conditions and caries
prevention or treatment strategies. Traditional narrative
reviews have addressed isolated aspects of this topic
but fall short of providing a comprehensive, data-driven
mapping of the field's conceptual landscape. To address
these gaps, the present study employed an NLP-based
analytical framework to systematically map the intellectual
structure, thematic evolution, and emerging research
priorities in dental caries management among children
with chronic diseases.



MATERIALS and METHODS

This study applied an integrated NLP framework
to analyze the thematic structure, temporal evolution,
and conceptual relationships in the literature on dental
caries management in children with chronic diseases.
By combining text preprocessing, machine learning-
based clustering, topic modeling, temporal dynamics
and network analysis, the methodology enables a
comprehensive and data-driven exploration of research
patterns and trends in this domain.

Data Collection and Preprocessing

This study analyzed 545 peer-reviewed scientific
publications retrieved from the Web of Science (WoS)
database on January 15, 2026 concerning management
of dental caries in children with chronic diseases. The
literature search was conducted using a comprehensive
strategy combining four main conceptual blocks: chronic
diseases, pediatric populations, dental caries, and
management or preventive approaches. The following
search queries were applied:

(“chronic disease” OR “chronic illness” OR “chronic
condition” OR “children with special health care
needs” OR “diabetes” OR "asthma” OR "epilepsy”
OR “congenital heart disease” OR “cerebral palsy” OR
"chronickidneydisease” OR “cysticfibrosis”) AND (“child”
OR “children” OR “pediatric” OR “adolescent”) AND
("dental caries” OR “tooth decay” OR “early childhood
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caries”) AND (“management” OR “prevention” OR
“treatment” OR “oral health care” OR “dental care” OR
“caries management” OR “fluoride therapy” OR “fissure
sealants” OR “preventive dentistry” OR “minimally
invasive dentistry” OR “behavior management” OR
“special care dentistry” OR “oral health” OR “pediatric
dentistry”).

The full search string included terms such as chronic
disease, diabetes, asthma, child, pediatric, dental caries,
and oral health management, and was limited to English-
language articles indexed in Science Citation Index
Expanded, Social Sciences Citation Index, and Emerging
Sources Citation Index (ESCI) databases, in accordance
with the preferred reporting items for systematic
reviews and meta-analyses (PRISMA 2020) guidelines!”.
Peer-reviewed original research articles focusing on
management, prevention, or treatment of dental caries
in pediatric populations with chronic diseases were
analytically reviewed. Relevant studies involving children
and adolescents, published in English, and providing
empirical data were considered eligible. Review articles,
systematic reviews, meta-analyses, editorials, letters,
conference abstracts, non-peer-reviewed publications,
studies not directly addressing dental caries or not
involving children with chronic conditions were excluded.
The study selection process is illustrated in Figure 1.

A total of 1,389 records were identified through the
WoS database. After the removal of 187 duplicates,

e N e N
e Records identified from WoS Records removed before screening
s (n=1,389; January 15, 2026) —= (duplicates removed: n = 187)
. J \ J
s i ™ ( ~
; Records screened Records excluded
Screening (n=1,202) — (title/abstract not relevant: n = 482)
" J \ J
s i ~
Eligibility Sel et artlcle?na:s;;s:)ed foxehgiity — Full-text excluded (n = 175)
Not meeting inclusion criteria: n = 89
\ J Non-English language: n =48
i Editorials/conf. abstracts: n =38
s ~
Included Studies included in final analysis
(n=545)
- J/

Figure 1. PRISMA flow diagram of the study selection process

PRISMA: Preferred reporting items for systematic reviews and meta-analyses, WoS: Web of Science
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1,202 records remained for screening, of which 482 were
excluded based on title and abstract. Subsequently, 720
full-text articles were assessed for eligibility, and 175 of
them were excluded from the analyses due to not meeting
the inclusion criteria i.e. articles published in non-English
languages, or being editorials or conference abstracts.
Ultimately, 545 studies were included in the final analysis.

The final dataset comprised three core variables:
abstract, citation count, and publication year. Text
preprocessing was performed exclusively on the
abstract. The preprocessing pipeline consisted of: (1)
conversion to lowercase for standardization, (2) removal
of punctuation marks and numerical expressions using
regular expressions, (3) elimination of English stop-words
using the Natural Library Toolkit (NLTK) library, and (4)
lemmatization using the WordNetLemmatizer to reduce
words to their root forms. The cleaned and standardized
texts were stored in a new variable, forming the textual
input for subsequent NLP and modeling analyses!'®20.

Semantic Analysis with Word2Vec

A Word2Vec model was trained using the Gensim
library on the preprocessed abstracts to learn contextual
semantic representations of words as 100-dimensional
vectors®. Document-level numerical representations
were created by calculating the arithmetic mean of word
vectors within each abstract. These document vectors,
stored in the document vector column, served as input
for subsequent clustering and dimensionality reduction
analyses®.

Optimal Cluster Number Determination

The optimal number of clusters was determined using
the Elbow method®. K-means clustering was performed
on document vectors with varying numbers of clusters
(k=2 to k=10), and inertia values (sum of squared distances
from each point to its cluster center) were calculated for
each k. The elbow point, where the marginal decrease
in inertia diminished substantially, was identified through
visual inspection of the inertia plot?. Based on this
analysis, k=3 was selected as the optimal cluster number,
balancing model complexity with explanatory power.

Clustering Analysis

K-means clustering was applied to the document
vectors with k=3 clusters. Citation counts were
incorporated as weighting factors in the clustering
process, allowing highly cited articles to exert greater
influence on cluster center determination. This approach
ensured that influential or impactful publications shaped
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the cluster structure. Each article was assigned a cluster
label representing its thematic group.

Citation Analysis

For each cluster, average citation counts were
calculated to assess scientific impact and visibility. This
bibliometric analysis revealed differences in citation
performance across clusters, indicating varying levels of
influence and recognition within the scientific community.
Results were visualized using bar charts to facilitate
comparisons.

Optimal Topic Number Determination

To identify the optimal number of topics for LDA
(Latent Dirichlet Allocation) modeling® coherence
score analysis was conducted?®. Using Gensim's
CoherenceModel, coherence scores were calculated for
topic numbers ranging from 2 to 10. Coherence scores
measure the semantic similarity between high-scoring
words in topics, with higher values indicating more
interpretable and meaningful themes?). The coherence
scores were plotted, and the optimal number of topics
yielding the highest coherence score was selected. Based
on this analysis, 5 topics were determined to provide the
best thematic representation of the literature.

LDA Topic Modeling

LDA topic modeling was implemented using processed
abstracts to identify thematic structures in the literature®.
A dictionary and document-term matrix were constructed
using Gensim's Dictionary and corpus functions®). The LDA
modelwas trained with 5topics (as determined by coherence
analysis), extracting the most prominent keywords and their
weights for each topic. Topic distributions were calculated
for each document, and the dominant topic and its
probability were assigned to each article.

Cluster Visualization with Principal Component
Analysis PCA

To visualize clustering results, document vectors
were reduced to two dimensions using PCA. Technique
PCA1 (x-axis) represented the dimension explaining the
most variance, while PCA2 (y-axis) captured the second
most important variance source. The two-dimensional
projections were plotted as scatter plots, with points
colored by cluster labels, enabling visual assessment of
cluster separation and spatial relationships.

Temporal Dynamics of Clusters and Topics

Temporal trends of the three clusters were analyzed by
grouping articles by their publication years. The number



of articles in each cluster was calculated annually from
1990 to 2026. These trends were visualized using line plots
with Seaborn®, revealing how cluster popularity evolved
over time and identifying periods of growth, stability,
or decline for different research paradigms. Similarly,
temporal trends of the five LDA topics were examined
by grouping articles by year and dominant topic. Annual
article counts for each topic were calculated and visualized
using line plots. This analysis revealed the evolution of
research themes over time, identifying emerging, stable,
and declining topics within the literature.

Topic Word Clouds Analysis

Word clouds were generated for each of the 5 LDA
topics using the WordCloud library®. Keywords were
sized proportionally to their probability weights within
each topic, providing intuitive visual representations of
thematic content. These visualizations facilitated rapid
interpretation of topic characteristics and complemented
the quantitative topic modeling results.

Chronic Disease Content Analysis

Keywords related to common chronic pediatric
diseases (diabetes, asthma, obesity, cerebral palsy,
congenital heart disease, cystic fibrosis, epilepsy, autism,
sickle cell anemia, juvenile arthritis) were defined and
searched within the processed abstracts. The frequency
and percentage of articles mentioning each condition
were calculated using named entity recognition model®,
revealing the chronic diseases that were most prominently
studied in relation to management of dental caries.
Results were ranked in descending order and visualized
using bar charts.

Social Network Analysis

A social network was constructed to examine
relationships among key concepts related to the
management of dental caries, health outcomes, and
complications®”. Keywords representing management
strategies  (management,  prevention,  treatment,
intervention), health outcomes (oral health, quality of
life, outcome, wellbeing), and clinical complications
(pain, abscess, disease, complication, infection,
inflammation) were identified. A co-occurrence matrix
was created by calculating how frequently each keyword
pair appeared together in abstracts. Using NetworkX
package for the Python programming language, this
matrix was transformed into a network graph where
nodes represented keywords and edges represented
frequencies of co-occurrences, with edge thickness
proportional to co-occurrence strength. The network was
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visualized using Matplotlib library®? to reveal conceptual
relationships and thematic clusters within the literature.

Statistical Analysis

All computational analyses were performed using
Google Colaboratory®. Python platform was used as the
primary programming language throughout the analysis
process®. The computational workflow was supported
by various libraries commonly used in scientific research.
These include NumPy®® for numerical operations,
Pandas® for data processing and table analyses,
Matplotlib® and Seaborn® for visualization, Scikit-
learn®) for ML operations, Statsmodels®® for time series
modeling, and WordCloud®” for word cloud visualizations.

To enhance language quality, Al tools were utilized
during manuscript preparation. Specifically, OpenAl’s
ChatGPT®?  facilitated English  translation, and
Anthropic’s Claude Al“9 was employed for linguistic
review and stylistic refinement.

RESULTS

This study employed an integrated NLP framework
to examine the thematic structure, temporal evolution,
and conceptual relationships in the literature on the
management of dental caries among children with
chronic diseases. Through the combined use of text
preprocessing, machine learning-based clustering, topic
modeling, temporal analysis, and network analysis, the
findings provide a comprehensive, data-driven overview
of research patterns and emerging trends in this domain.
The findings of optimal number of clusters, clustering
analysis, citation performance, and coherence scores are
presented in Figure 2.

At k=2, the inertia value reached approximately
19,600, indicating insufficient granularity and excessive
within-cluster variance (Figure 2). A dramatic reduction to
approximately 15,000 was observed at k=3, representing a
marginal improvement of 4,600 units-the most substantial
decrease across all iterations. This inflection point
constituted a distinct elbow, beyond which incremental
cluster additions yielded diminishing returns, primarily
fragmenting existing structures rather than revealing
novel patterns. Consequently, 3 clusters were determined
as optimal for subsequent analyses.

PCA reduced the multidimensional feature space
to two principal components (PC1 and PC2), capturing
the dominant variance axes within the corpus. Cluster
0 (turquoise; n=50-70) exhibited spatial isolation on
the negative PC1 axis, demonstrating tight cohesion
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Elbow Method for Determining Optimal Number of Clusters Clustering Results (Dimensionality Reduction with PCA)
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Figure 2. Optimal number of clusters, clustering analysis, citation performance, and coherence scores

indicative of methodological homogeneity and potentially
representing a specialized research niche or disease-
specific focus. Cluster 1 (purple; n>200) occupied the
central region with substantial overlap zones, suggesting
its role as the disciplinary mainstream and a transitional
bridge between research paradigms. Cluster 2 (yellow;
n=150) displayed greater dispersion along the positive
PC1 axis, potentially reflecting thematic heterogeneity
or emerging research trajectories. The pronounced
separation along PC1 indicated this component as the
primary discriminator between clusters, while boundary
overlaps  suggested  continuous  epistemological
transitions rather than discrete categorical divisions.

Citation  performance  demonstrated  marked
heterogeneity across clusters. Cluster 1 achieved the
highest mean citation count (M=80), consistent with its
central positioning and substantial size, indicative of an
established, well-integrated research paradigm. Cluster 0
exhibited moderate impact (M=27), approximately one-
thirdthat of Cluster 1, suggesting specialized but recognized
scholarly contributions. Cluster 2 recorded the lowest mean
citations (M=19), potentially reflecting its emergent nature
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or peripheral positioning within the intellectual structure of
the domain. These differential citation patterns underscore
the stratified maturity levels across research clusters: Cluster
1 representing canonical knowledge, Cluster O denoting
specialized expertise, and Cluster 2 signifying nascent or
exploratory research domains.

Coherence score analysis across 2-10 topics identified
the optimal LDA configuration. The coherence metric
peaked at 0.365 for k=5 topics, representing the optimal
balance between thematic granularity and interpretability.
Coherence degradation beyond five topics suggested
model overfitting and excessive fragmentation, while
lower values indicated inadequate capture of the corpus's
thematic complexity. The 5-topic model was therefore
adopted for subsequent semantic analysis. The findings
related to the temporal dynamics of the clusters are
presented in Figure 3.

Longitudinal analysis revealed divergent temporal
trajectories across clusters. Cluster 0 demonstrated
sustained  growth  post-2005, with  pronounced
acceleration after 2020, culminating in peak activity in
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Topic Popularity Trends by Year
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Figure 3. Temporal dynamics of clusters and topics

2026. Cluster 2 exhibited episodic expansion with distinct
peaks in 2018 and 2026, suggesting periodic surges
in scholarly attention. Conversely, Cluster 1 showed
modest growth followed by substantial decline post-
2020, potentially indicating paradigmatic saturation or
domain reorientation. The temporal distribution of LDA
topics spanning 1990-2026 revealed distinct evolutionary
phases. The pre-2000 period constituted a latent phase
characterized by minimal publication activity. Progressive
intensification commenced post-2000, with Topic 0 and
Topic 2 demonstrating particularly robust growth after
2006 and accelerated expansion during 2015-2020.

2010 2015 2020 2025

Post-2020, Topic O emerged as the dominant research
theme, accompanied by substantial increases in Topics
2 and 4. These patterns reflect the domain’s increasing
prioritization of dental caries management in pediatric
populations with chronic disease(s), with accelerating
research momentum in recent years. Word clouds
representing the clustered terms under each topic are
presented in Figure 4.

LDA-derived word clouds illuminated the semantic
architecture of five distinct research themes.
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Topic 0: General Pediatric Oral Health

Epidemiology

Represents the domain’s foundational dimension.
High-frequency terms including child, health, oral, dental,
and caries indicate predominance of epidemiological
and descriptive investigations. Co-occurring terms
(prevalence, disease, care, study, and result) suggest
focus on quantification of disease burden and assessment
of population-level health status.

Topic 1: Risk Factors for Childhood Dental Caries

Adopts  an  analytical-etiological  orientation.
Prominence of caries, dental, health, risk, and age
reflects research examining risk determinants, age-
stratified patterns, and impact of chronic diseases on the
pathogenesis of caries through predictive modeling and
risk stratification frameworks.

Topic 2: Patient-Centered Chronic Disease-
dental Health Interface

Embodies a holistic, patient-oriented paradigm.
Central positioning of patient, health, caries, dental
diseases, and particularly diabetes indicates examination
of chronic disease-oral health relationships through
experiential, care process, and community intervention
lenses. Terms as community and care underscore public
health and multidisciplinary perspectives.

Topic 3: Comparative
Controlled Research

Methodology and

Constitutes the strongest methodological theme.
Prominence of group, control, index, study, and child
reflects high-evidence designs employing control groups,

Topic 0 Word Cloud

health

cdries

Cd

Topic 3 Word Cloud

1ndex

O

a ries

health e d
chi
Figure 4. Word clouds of topics
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Topic 1 Word Cloud
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comparative frameworks, and standardized metrics (e.g.,
Decayed, Missing, Filled Teeth: DMFT index), focusing on
efficacy and comparative effectiveness of the intervention.

Topic 4: Disease-specific Approaches and
Asthma

Reflects condition-targeted research. The salience of
asthma indicates concentrated investigation of asthma-
caries relationships, while risk, dental, caries, child,
and patient highlight focused analyses of specific risk
populations and targeted dental management in defined
chronic disease cohorts. Cross-topic analysis revealed
that while core concepts (child, dental, caries, health,
and oral) permeate all themes, each topic maintains
distinctive keyword profiles reflecting unique research
questions and methodological orientations. Temporal
dynamics indicated particularly robust recent growth
in Topic 2, highlighting the ascending importance of
patient-centered, holistic approaches in contemporary
pediatric dental research. Collectively, these five topics
demonstrate the multidimensional, interdisciplinary,
and evolutionary nature of dental caries management
research in chronic diseases in pediatric populations. The
findings related to chronic diseases highlighted in the
dental health literature are presented in Figure 5.

Analysis of representation of chronic disease revealed
substantial heterogeneity. Diabetes dominated with 124
publications, followed by asthma (n=82) and cerebral
palsy (n=59). Obesity, congenital heart disease, cystic
fibrosis, and epilepsy received moderate scholarly
attention. Autism appeared in limited investigations,
while sickle cell anemia and juvenile arthritis emerged as
notably underrepresented conditions. This distribution
pattern indicates concentrated research interest in
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specific chronic conditions, with significant knowledge
gaps persisting across numerous populations with
pediatric chronic diseases. The findings of the social
network analysis of keyword “co-occurrence” in the
pediatric dental literature are presented in Figure 6.

Social network analysis of keyword co-occurrence
patterns revealed complex semantic relationships
within the corpus. Network architecture featured nodes
(keywords) connected by edges (co-occurrences), with
node size reflecting term frequency and edge thickness
indicating co-occurrence strength. The network core
comprisedthree dominantnodes-oral health, disease, and
caries-establishing the domain’s conceptual foundation.

Within the clinical outcomes cluster, exceptionally
strong linkage between abscess and pain reflected
the clinical reality of manifestation of pain in advanced
carious lesions with abscess formation. Pain functioned as
a bridging construct connecting clinical symptomatology
to patient-reported outcomes including impact, quality
of life, and wellbeing. The proximal positioning of quality
of life and wellbeing underscored the growing emphasis
on patient-centered outcome assessment in pediatric
research, signaling progression beyond purely clinical
endpoints toward comprehensive evaluation of child
wellbeing.
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The management strategies in cluster projects
demonstrated management as a hub connected to
treatment, prevention, intervention, and outcome,
representing research on therapeutic and preventive
approachesto dental cariesin chronicdisease populations.
The prominence of prevention emphasized proactive
strategies (fluoride therapy, dietary modification, oral
hygiene education), while intervention encompassed
both clinical and educational modalities.

Regarding pathogenesis and complications, nodes
including infection, inflammation, complication, and
severity represented dimensions of disease process.
The node status encompassed both dental status (e.g.,
DMFT indices) and general health status. Notably,
disease burden appeared relatively isolated, suggesting
limited integration of disease burden frameworks within
mainstream research discourse.

Network topology analysis demonstrated non-
random keyword distribution organized according to
semantic proximity. Robust connections characterized
the oral health-disease-caries triad and the quality of life-
wellbeing dyad, while weak or absent linkages appeared
between semantically distant terms (burden-abscess).
The multi-centered network structure indicated that
distinct conceptual clusters maintained dense internal
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Figure 5. Chronic diseases identified in the pediatric dental health literature
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Figure 6. Social network analysis of pediatric dental literature

connectivity while bridging nodes facilitated inter-cluster
integration. This complex topological architecture
underscores that management of dental caries in
pediatric populations with chronic disease constitutes
a multifactorial, multidisciplinary, and holistic research
domain requiring integrated approaches across clinical,
preventive, and patient-centered dimensions.

DISCUSSION

This study provides a comprehensive overview of the
scientific literature on the management of dental caries in
children with chronic diseases and highlights important
patterns in how this domain has evolved over time. The
findingssuggestthatresearchinthisareaisheterogeneous,
with varying thematic emphases and uneven attention
across chronic disease groups. Collectively, the literature
reflects both growing recognition of oral health as a
component of chronic disease care and persistent gaps
that may have implications for clinical practice and health

equity.
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The identification of three distinct research clusters
suggests that the existing literature remains largely
structured around disease-specific perspectives rather
than integrated models of care. The body of work with
the highest citation iimpact reflects the established
research foundation documenting the disproportionate
burden of oral disease among children with chronic
conditions. Seminal studies, including that of Thikkurissy
and Lal®, consistently report higher prevalence of dental
caries, periodontal disease, and developmental enamel
defects in medically complex children compared with
their healthy peers. The strong scholarly impact of this
literature likely reflects both its clinical relevance and
its methodological rigor, particularly in elucidating the
bidirectional relationship between systemic disease and
oral health. Previous investigations have demonstrated
how chronic conditions such as cerebral palsy and
metabolic disorders influence oral hygiene capacity,
salivary function, inflammatory responses, and disease
susceptibility, while untreated oral infections may further
compromise systemic health®#.



Highly specialized investigations have focused on
specific chronic conditions, most notably cerebral palsy
and chronic kidney disease. These studies contribute
important condition-specific insights, such as the effects
of motor impairment and orofacial dysfunction on oral
hygiene practices in children with cerebral palsy, and
the role of reduction in salivary flow (hyposalivation)
and biochemical alterations in increasing susceptibility
to caries among children with chronic kidney disease®?”.
Although clinically relevant, this body of work often
remains embedded within subspecialty frameworks,
which may limit its integration into broader pediatric oral
health strategies and interdisciplinary care models.

In contrast, a growing body of literature reflects a shift
toward patient-centered and integrated approaches to
oral health care in children with chronic diseases. While this
research has not yet achieved the same level of scholarly
visibility as more established studies, its marked expansion
after 2020 suggests increasing awareness that effective
caries management must extend beyond disease-specific
outcomes. Recent studies have emphasized quality of life,
functional capacity, and psychosocial wellbeing as integral
components of oral health, particularly for children living
with complex medical conditions®. The relatively limited
citation impact of this emerging literature likely reflects
the inherent delay between conceptual innovation and its
widespread incorporation into clinical practice. It is also
worth noting that the comparatively lower citation counts
observed for publications from 2021 onward should be
interpreted with caution. While there is a natural lag
between conceptual innovation and clinical integration, it
must equally be recognized that more recently published
studies have had substantially less time to accumulate
citations relative to earlier works. This temporal citation
bias is an inherent characteristic of bibliometric analyses
and does not necessarily reflect the actual scientific
impact or clinical relevance of recent publications.
Accordingly, citation-based comparisons across different
time periods should be approached with this limitation in
mind, and the apparent underperformance of post-2020
publications in citation metrics is likely, at least in part,
a methodological artifact rather than a true indicator of
diminished scholarly influence.

Disease-specific analysis demonstrated substantial
imbalances in research focus across chronic pediatric
conditions. Diabetes mellitus and asthma account for a
largeproportionoftheexistingliterature, whichisconsistent
with their high prevalence and their well-documented
effects of metabolic dysregulation, inhaled medications,
and alterations in salivary flow rate on oral health®®.
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In contrast, conditions such as sickle cell anemia, juvenile
idiopathic arthritis, and autism spectrum disorder remain
notably underrepresented, despite their well-recognized
clinical complexity and potential impact on the delivery of
oral health care. This disparity is concerning, as children
affected by these conditions often face additional barriers
to dental care, including pain crises, functional limitations,
behavioral challenges, and increased need for sedation
or hospital-based treatment. The relative absence of
focused research in these populations suggests not only
gaps in scientific knowledge but also potential inequities
in the development of evidence-based preventive and
therapeutic strategies for vulnerable pediatric groups.

The temporal evolution identified in this study
mirrors broader trends in pediatric healthcare. The
sharp increase in publications after 2020 likely reflects
heightened awareness of healthcare access barriers
during the coronavirus disease-2019 pandemic, which
disproportionately affected children with chronic diseases
requiring hospital-based dental care?'. While this surge
signals growing interest in integrated care, sustained
efforts will be required to translate emerging evidence
into routine clinical practice.

Overall, this analysis highlights both progress and
persistent limitations withinthe domain. Although research
activity has increased and patient-centered perspectives
are gaining momentum, the lack of integrated frameworks
continues to hinder equitable and effective dental care
for children with chronic diseases. Addressing these
gaps will require interdisciplinary collaboration, targeted
research investment in neglected conditions, and policies
that support coordinated, preventive, and child-centered
oral health care.

Study Limitations

The present study has several limitations that should
be acknowledged. The literature search was confined
to the WoS database. Although WoS is widely regarded
as a rigorous and high-quality source for bibliometric
analyses, relying on a single database may not capture
the full spectrum of relevant publications indexed
exclusively in other repositories such as Scopus or
PubMed. Consequently, some studies that could have
contributed to the corpus may have been overlooked.
Future research is encouraged to replicate or extend
this analysis by incorporating multiple databases to
enhance the comprehensiveness and generalizability
of the findings. Another limitation concerns the
temporal coverage of the dataset. Although the
analysis encompasses publications up to the year 2026,
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it is important to clarify that data were extracted from
the WoS database on January 15, 2026. Therefore,
only publications indexed up to this specific date
were included, and the 2026 data represent a partial
rather than a complete annual record. As bibliographic
databases may experience indexing delays, some
publications from late 2025 and early 2026 might not
yet have been indexed at the time of data retrieval.
Readers are advised to interpret temporal trend
analyses for the most recent period-particularly 2025
and 2026-with this caveat in mind, as the apparent
decline or plateau in publication output may partly
reflect incomplete indexing rather than a genuine shift
in research activity. Future studies updating this analysis
after full indexing of 2026 records would provide a more
complete picture of recent trends. Methodological
limitations inherent to bibliometricand NLP approaches
should also be acknowledged. Analytical outcomes are
influenced by text preprocessing choices, clustering
assumptions, and topic modeling parameters, which
may affect the interpretation of thematic structures.
Topic identification relied on abstract-level data and
keyword-based disease classification, which may have
resulted in missed studies or misclassification due to
variations in terminology. Moreover, co-occurrence
network analysis reflects term proximity rather than
causal or clinical relationships.

CONCLUSION

Finally, this analysis describes patterns within the
published literature and does not assess study quality,
clinical effectiveness, or patient outcomes. As such, the
findings provide insight into research trends and gaps
rather than providing direct guidance for clinical decision-
making.

This NLP-based analysis provides a comprehensive
overview of the intellectual structure and thematic
evolution of dental caries management research in
children with chronic diseases. The findings reveal
significant  disparities in disease representation,
methodological limitations, and insufficient integration of
oral health within chronic pediatric care. Addressing these
gaps will require more disease-specific, longitudinal,
and multidisciplinary research approaches, alongside
stronger alignment between dental and medical
services. Improving preventive dentistry and effective
caries management should be considered an essential
component of comprehensive care for children living with
chronic diseases.
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